The electric dipole moment in the ground (/i g ) and in the first excited singlet state (n e ) of co-substituted acceptors in 4-dimethylamino-trans-styrenes (Z = P(S)Ph 2 , P(0)Ph 2 , S0 2 CH 3 ) were determined by solvatochromic and thermochromic methods. The obtained values of and fi g and the values for Z = CN and Z = N0 2 known from the literature [2] fulfill the linear relation between the dipole moments (/i e or nJ and the Hammett constants er p of the substituents. On increasing the electron-acceptor power of Z, /i e grows faster than /i g .
Introduction
In our first paper [1] we investigated the effect of p-substituted donors (R = N(CH 3 ) 2 , OCH 3 , CH 3 , H, Cl, Br, CN) on the polarity of trans-styryl-methylsulfones in the first excited singlet state (SJ. It was found that the electric dipole moment (p e ) in the first excited singlet state increases with increasing electrondonor power of R. and that the dipole moment /i e is linearly related to the Hammett constant of R.
The present paper reports on experimental investigations of the effect of «-substituted acceptors in 4-dimethylamino-trans-styrenes on the polarity in the ground and first excited singlet states. Hitherto, only for two different acceptors (Z) CN and N0 2 the dipole moments in the ground (^g) and excited (p e ) state are known [2, 3] . In order to investigate the behaviour of and for different Hammett constants cr p , it is necessary to determine the dipole moments for other acceptors (Z) with different a p .
Basic Equations of Dipole Moment Analysis
The following equations can be derived, based on the theory [4, 5] in solvents with different permittivities, e, and refractive indices, n, when the dipole moments in the ground (/i g ) and in the excited (/z e ) state are parallel (this condition is fulfilled in the case of the compounds investigated) and when (2a/a 3 )(l/47ie 0 )= 1: 
(5), (6) where ß = 2n£ 0 hc is a universal constant amounting to 1.105110440 x 10" 35 C 2 , h the Planck constant, c the light velocity in vacuum, a and a the polarizability and Onsager interaction radius of the solute, respectively, and £q = 8.854187817 x 10" 12 F/m the permittivity of vacuum. The parameters and m 2 can be determined from the absorption and fluorescence shifts ( (1) and (2)), and the values of and n e can be obtained from (5) and (6): The value of the Onsager radius, a, occurring in (7) and (8) can be estimated for the molecules investigated based on the molecular geometry. According to Lippert [6] , for an ellipsoid of revolution, a = 0.8 b can be used, where b refers to the long molecular axis. Table 1 summarizes the values of a obtained from the molecular geometry using the Dreiding model for the compounds examined.
Experimental
The substances investigated are (see Figure 1 ):
trans-styrene (2 a), 4-dimethylamino-co-methylsulfonyl-transstyrene (3 a).
The polar and nonpolar solvents used were spectroscopically pure. Fig. 1 . Structural formula of («-substituted 4-dimethylaminotrans-styrene (for Z see Table 1 ).
The electric dipole moments in the ground, and singlet excited state, /z e , of la, 2a, 3 a, were determined by: 1) solvatochromic (different solvents) and 2) thermochromic (in ethylacetate and 1,2-dichloroethane) methods. In the first one, the absorption (v A ) and fluorescence (v F ) band shifts were measured for the above three compounds in nine different solvents.
Absorption spectra were measured by means of an M-40 (C. Zeiss, Jena) spectrophotometer, and the fluorescence spectra were recorded by the method described previously [7] , The measurements of the fluorescence spectra were fully automatic and computercontrolled. In the thermochromic method, a stainless steel cell was used which could be thermostated with an accuracy of 0.2 °C using silicon oil. High pressure due to heating prevented the solvents boiling in the temperature range investigated (for ethylacetate from 293 K to 433 K, and for 1,2-dichloroethane from 293 K to 393 K). The permittivity, e, and refractive indices, n, were determined by the method given in [8] .
The absorption and fluorescence spectra were measured stepwise at every 20 K interval. Figure 3 shows the dependence of (v A -v F ) and (v A -I-v F ) on /(e, n) and /(e, n) + 2g(n), respectively, for the same compounds la, 2a, 3a. The parameters m 1 and m 2 determined according to (1) and (2) from the slopes of straight lines (Figs. 2 and 3 ) are given in Table 1 . When comparing Figs. 2 and 3, marked deviations of the experimental points from linearity can be observed in the solvatochromic method ( Figure 2 ). It is therefore very important to measure the absorption and fluorescence spectra at various high solution temperatures. The effect of the specific interactions on the dipole moments determined can in this way be eliminated.
Results and Discussion
The value of for 3 a is known from the literature [9] and amounts to 23.3 x 10 -30 Cm; therefore the values of and a can be determined for this compound. The Onsager radius, a = 6.2xlO -10 m thus obtained [1] differs slightly only from that calculated from the molecular geometry (see Table 1 ). Table 1 summarizes also the values of and obtained with two different methods for the three compounds. The real fluorescence lifetimes i F for 2 a in methanol at 293 K amount to 80 ps [10] . However, the solvent relaxation time T r for alcohols ranges from 100 to 2200 ps at 293 K [11] [12] [13] . The value of T f estimated for 1 a from the oscillator strength is of similar order [10] , Hence, T f T r and the emission occurs from the state which is not fully intermolecularly relaxed. Although the relaxation times t R of the solvents used in our experiments are not known, it can be assumed that complete excited state relaxation is not established due to very short lifetimes of the compounds examined (la, 2a, 3a) . The values of ju g and /x e obtained by both methods are in satisfactory agreement. Table 1 shows also the values of /z g and /z e for 4 a and 5 a known from the literature [2, 3] and also the Hammett constants, cr p , of the substituents Z [14] for all investigated compounds. As predicted, the dipole moments and fi e increase with the enhancement of the electron-acceptor interactions of the Z substituents, expressed by the Hammett constants, a p . There exists a linear relation between the dipole moments (/i e or yU g ) and the constants a p of the substituents (Figure 4) . On increasing the electron-acceptor power of Z, /u e grows faster than /i g . A similar linear relation can be observed between the values of the dipole moments in the excited /z e , and the ground state ( Figure 5 ). For similar donor-acceptor substituted systems, good linear correlation of and with the Hamett constants was found for different acceptors in the trans-stilbene series [15] , as well as for various donors in the trans-styrene series [1] . For 4-dimethylamino-4'-diphenylphosphinyl-trans-stilbene, the phenyl analogue of 2 a, a comparable ratio of was obtained.
